Practical interest in the fluorination of drinking water is due primarily to the physiological role of this element. Apart from its known anti-caries effect, the property of fluorine as a biocatalyst is noted. This is used for healing purposes in osteoporosis, rickets, and other illnesses. Fluorine is also capable of stimulating immunoreactivity and blood production in the human body [1, 2] . However, the range and level of physiologically necessary fluoride concentrations in water are extremely narrow and low and amount to 0.6-1.5 mg/l. At lower concentrations there is practically no positive effect of this element on the human body, while increase in its concentrations to values over 2-3 mg/l leads to serious impairment of bone tissue, to depression of the functional activity of the central nervous system, etc. This explains the guarded attitude of specialists to the fluorination of drinking water, since it requires high-quality production equipment for the dosing of fluorine-containing agents into the tap water.
Many developed countries use solutions of salts of fluosilicic and hydrofluoric acids for the centralised fluorination of water, which is extremely dangerous in view of their high toxicity [3] . Calcium fluoride is a more preferable substance for these purposes. It is the main component of the natural material fluorite, but it is a lowsolubility compound and cannot be used for direct dosing in salt form.
The problem of creating contact material capable of dosing water with physiologically necessary amounts of fluorides without adversely affecting the quality of the water being processed can be addressed independently. In this connection the "ion-exchange resin-low-solubility compound" system, which on the whole must be regarded as a modified ion-exchange resin, is of definite interest.
The formation of residues of low-solubility compounds in the ion-exchange resin phase began to be studied a fairly long time ago [4] , this being perceived as a negative effect preventing ion exchange. On the other hand, the practical significance of materials of this kind was noted. Thus, ion-exchange resins modified with low-solubility compounds can remove different ions from solutions: Hg + ions [5] , borate ions [6] , F -ions [7] , hydrogen sulphide, and mercaptans [8] . Interest in the production of composite materials of such a type may also be due to the fact that the residue produced under these conditions contains a minimum amount of impurities. Thus, microphotometric analysis of the residue (for the case of the ion-exchange synthesis of ZnS) showed that it is noted for a high degree of homogeneity and an absence of aggregates [9] .
In 1996-1998, technology was developed for the manufacture of a modified cation-exchange resin dosing water with fluorine ions, and experimental specimens of KU-fluorinator cation-exchange resin were produced under laboratory conditions, the effectiveness of operation T/65 of which was determined by complex sanitary engineering tests at NIIECh and at A. I. Sysin GOS.
It was established that aqueous extracts from the KUfluorinator cation-exchange resin with infusion for 130 days did not alter the organoleptic properties (odour, aftertaste, colour, cloudiness). They were characterised by the absence of migration of organic substances (styrene, divinylbenzene), and also toxic metals (lead, cadmium, iron), and had no toxic effect on aquatic life of different trophic level (water fleas, Infusoria, E-coli bacteria). On the basis of these tests, safety certificate 77.EG.06.227.P.0073 "P"-98 was issued for the KUfluorinator cation-exchange resin (TU 2227-374-09201208-98).
Since the given material was produced on the basis of a cation-exchange resin, it is to be expected that it should operate in aqueous systems as a cation-exchange resin in relation to heavy metal cations, which could broaden the functional possibilities of such a fluorinating composite.
The variety of drinking waters, their significant difference in terms of salt composition, pH value, the presence and amount of microimpurities, and the temperature of the initial water, and other factors required a thorough investigation of their influence on the release of fluorine from the KU-fluorinator with the aim of its subsequent practical use.
The influence on the release of fluorides into water of macroimpurities (hardness salts) and microimpurities (iron and aluminium) was investigated under static and dynamic conditions on model solutions of salts in distilled water. The selection of anions was dictated by the most characteristic ions for drinking water: chlorides, sulphates, bicarbonates. The necessary concentration of anions was ensured by the dissolution of NaCl, NaHCO 3 , and K 2 SO 4 in distilled water.
The equilibrium concentration of fluorides in water was determined after contact for 24 h of 2.5 ml of the KUfluorinator with 100 ml of a solution of individual salts at room temperature. The results of the experiments are presented in Table 1 .
In an investigation of the effect of anions, it was established that the release of fluorine decreases to the greatest degree when the content of hydrocarbonate ions in the water is increased. The presence of a significant amount of sulphate and chloride ions (up to 10 mg-equ/l) has a lesser effect on this process.
The effect of iron and aluminium microimpurities was studied with the content of these components at 1-3 times the maximum permissible concentration (MPC). Their presence in the water in the indicated quantities reduces the release of fluorine by 10-15%. This is due to the fact that iron and aluminium ions form fairly strong complex anions with fluorides (pK n.st = 23.7). These ions, in turn, may yield low-solubility compounds with calcium and magnesium ions, which, precipitating on the surface of the cation-exchange resin, "block" calcium fluoride and lower the release of fluorine.
Comparison of the release of fluorine ions from the KU-fluorinator into distilled and tap water showed that the presence of calcium and magnesium ions in the water changes this index significantly. Thus, increase in the content of calcium ions in water from 0 to 7 mg-equ/l lowers the release of fluorine ions by more than 70%. The reduction in the release of fluorine with a similar increase in the content of magnesium ions in the water amounts to about 30% (Figures 1 and 2) . These data, and also data on the reduction in the release of fluorine with increase in the content of macroanions in the water, are in good agreement with comparative data on the release of fluorine from the KU-fluorinator that were obtained on distilled and real tap water with a total hardness of 2.3 mg-equ/l. By comparison with distilled water, the release of fluorine into tap water decreases by a factor of 2.5-3.0, but in this case there is an increase in the stability of release of fluorides.
The influence of the temperature of the water (6-40°C) on the release of fluorine was investigated under dynamic conditions. It was established that, with increase in the temperature of the water, within the limits of the given range, the release of fluorine increases twofold. However, in the temperature range from 15 to 25°C, the release of fluorine increases insignificantly.
This indicates the fairly high stability of operation of the material under these conditions, which is of importance in connection with possible seasonal fluctuations in the temperature of drinking water entering the water supply.
It was shown experimentally that the release of fluorine from the KU-fluorinator remains practically constant in the range of pH values from 3.5 to 8.5 (given the absence of a significant quantity of hardness salts in the water). With subsequent increase in pH, and in the region of its low values, the release of fluorine decreases.
Thus, the material produced showed stable operation in the range of pH values adopted for drinking water. One of the main factors determining the process parameters of fluoride enrichment of water is the time of contact of the material with the water being treated under dynamic conditions τ c :
where Q is the volume of the charge (cm 3 ) and U is the consumption (cm 3 /min).
As regards the KU-fluorinator it was shown experimentally that the mathematical relationship between the concentration of fluorides separated from the material and the contact time has a near-linear form. On the basis of the results of experiments carried out under dynamic conditions on the fluorination of distilled water by the KUfluorinator with a volume of 2.5 l, charged into a column of 11 mm diameter, an equation of direct form was obtained:
where C is the concentration of fluorides (mg/l) and τ c is the contact time (min).
On the basis of the results obtained, investigations of the KU-fluorinator were carried out in tube-type experimental devices. Operating life tests of such a device on the experimental water purification station at the Rublevsk Water Supply Station (RWSS) (together with the "Mosvodokanal" Moscow State Enterprise) and on tap water at the NIIPM differed chiefly in the composition and temperature of the water.
Tests at the RWSS were conducted on tap water having a total hardness of 3.7 ± 0.3 mg-equ/l and a temperature of 6°C. At NIIPM the total hardness of the water amounted to 2.3 mg-equ/l, and the temperature to 12.5°C.
Tests were stopped after the fluoride content in the filtrate had been reduced to 0.3-0.4 mg/l, and also in connection with the significant increase in the hydraulic resistance of the column. The total amount of water passing through the column amounted to about 1460 l, and here the operating life of the KU-fluorinator, defined as the volume ratio of fluorinated water per unit volume of material, amounted to about 10 000.
On the basis of daily analyses of the quality indices of initial and fluorinated water, it was established that there is no additional introduction of impurities into the water passing through the modified cation-exchange resin within the framework of the indices being monitored. Furthermore, in the filtrate there is a 32% reduction in the aluminium content, which improves the quality of the water. The fluorinator/cation-exchange resin did not change the hardness and pH of the initial tap water.
The investigations carried out confirmed that the proposed contact time of the KU-fluorinator with water, equal to 0.18 ± 0.03 min, is optimum for water with an initial hardness of 2.0-3.5 mg-equ/l. At a water temperature of less than 8°C, the preferred contact time amounts to 0.18-0.21 min, while at a water temperature of 10-20°C the contact time amounts to 0.15-0.18 min.
The operating life of the KU-fluorinator amounted to about 10 000 volumes of fluorine ion enriched water per single volume of material.
In tests on the EWPS of the RWSS it was observed that, after prolonged interruptions in operation of the column, in a first filtrate sample taken in a quantity of 1 vol/vol, an increase in the fluorine ion concentration to 2.8 mg/l was observed. However, when the first sample is taken in a quantity of 11 vol/vol, this effect is not observed.
In the operation of a similar unit in NIIPM, no infusions of this type were formed. Moreover, in the first portions of filtrate after interruptions in operation of the device, a certain reduction in the fluoride concentration in the water was observed. In our view, this is due to the fact that, at NIIPM, the temperatures of the ambient atmosphere and the water in the test period were practically the same.
Thus, the investigations conducted made it possible to recommend the KU-fluorinator for tests in the composition of the charge of the cartridges of local units for water purification and fluorination. ----) , with introduction into it of calcium ions in quantity of 2.95 mg-equ/l (· · · · ·) and 6.6 mg-equ/l (-·· -·· -), and with introduction into it of magnesium ions in quantity of 3.0 mg-equ/l (---) and 7.05 mg-equ/l (-· -· -)
